INTRODUCTION
More and more survival of newborns with low birth weight (under 2500 g) or extremely small body mass at birth (under 1000 g), as well as increasing percent of prematurely born babies have emphasized the significance of intracranial haemorrhage problem. This is one of the most important causes of neonatal morbidity and, sometimes, mortality [1] . Brain damage in prematurely born children results in a series of events more than one specific insult, like ischaemic white matter lesion, cerebral infection, hydrocephalus following intraventricular haemor rhage [2] .
The children experience premature birth as a break in normal growth and development, despite the medical care with which they are provided afterwards. Vulnerable im mature anatomy, haemodynamic instability and proneness to bleeding as essential factors of premature babies lead to the germinative matrix and intraventricular haemorrhage (GMH-IVH) [3] . The brain of the prematurely born infant contains remains of the germinative matrix that is mostly not seen in infants born in due time. The subependymal germinal matrix is a structure which is the most prominent between 24 and 34 weeks of gestation. It is a good vascularized area between nucelus caudatus and thalamus. The subependymal germinal matrix is the site of vigorous neuroblast and glioblast mitotic activity before the neurons have completed their migration to other parts of the cerebrum. [4] . Today, ultrasound, with improved imaging information, is the method of choice for determination of the localization, size and time of the origin not only of GMH-IVH, but also of hypoxic/ischaemic brain damage, the diagnosis of the central nervous system malformations, the determination of the intracranial relation of certain structures, monitoring the developmental changes of the brain and the determination of the gestation age.
The consequences of premature birth and intracranial haemorrhage may be cerebral paralysis, mental retardation, deafness, blindness, visual damage, diseases of attention, behaviour, learning, communication, perception and minimal cerebral dysfunction. Pre-term children have a significantly higher risk of developing ophthalmological problems and hearing damage than their peers who were born on time.
The follow-up of prematurely born infants is a process that is going on for years. This is a progressive re-evaluation of certain organ systems and their functions. According to longterm studies of monitoring, disabilities in prematurely born children are much more frequent than it was thought earlier [5, 6] .
Since early signs in children have often been directed towards the development of social
METHODS
The examination was implemented at the Institute for the Health Protection of Children and Youth of Vojvodina in Novi Sad. The examination included prematurely born infants hospitalized at the premature infant ward of the Department of Neonatology, Intensive Care and Therapy of the Institute.
The study excluded prematurely born children from twin pregnancies with congenital malformations and stoppage of intrauterine growth.
The study is prospective, controlled and included 120 prematurely born infants with the diagnosed intracranial haemorrhage on ultrasonic examination of the central nervous system. Ultrasound examinations were done during hospitalization on the first, thirth, seventh and fourtheenth day of age. Echosonographic examinations of the central nervous system were done on the ultrasonic device Siemens Adara with 3 and 5 MHz frequency convex probes and 5 and 7.5 MHz frequency linear probes. Standardization of echogram evaluation of the central nervous system of infants was made according to Papilleu classification [8] ( Table 1) . The prematurely born children were regularly controlled at the neonatology ward until the age of three.
Based on the findings of the ophthalmologist and audiologist, the sensory damages were assessed.
The ophthalmological examination of prematurely born children was carried out during hospitalization aiming at prevention of premature retinopathy, and after fully develop ed blood network in the period of 9, 12 and 36 months of postnatal age. By ophthalmological examination, the existence of binocular vision was assessed, as well as the existence of strabismus and amblyopia (lazy eye) by cover test. Cover test is a test for objective determination of ocular deviation. The test is developed as follows: the child is focusing at a nearby object. The cover is put over the eye for a short time and then removed. During this time, the examiner is watching the movements of both eyes. The "lazy eye" will move either towards the field or towards the inner side since it stops using its perceptive visual advantage. This process is repeated on both eyes and then the child is examined while focusing at a distant object.
The audiological examination is based on transitory otoacoustic emission (TEOAE). All hearing examinations of prematurely born children were done after they had been discharged from the ward with no pre-medication.
Transitory otoacoustic emission was measured on both ears with known directions for the technical procedure [9] . The results were analyzed by the audiologist who did not know anything about the origin of the children, nor about their clinical data. They were interpreted as "pass". Recording without emission was graded as "non-pass" through the test, either one-sided or both-sided.
Statistical data processing was made by using appropriate modules within the programme packages SPSS 12.0 for Windows, Pearson χ 2 test, variant analysis (ANOVA).
RESULTS
In the examined prematurely born infants with various haemorrhage degrees, comparisons were made of their body masses at birth ( Table 2 ). The value of F-test was statistically significant at the level p<0.01, and it makes F=4.29 (df=119; p=0.01).
The representation of genders among the examinees with various haemorrhage degrees is presented on Table  3 . The value of chi-squared test is statistically not significant and it makes χ 2 =3.35 (df=3; p=0.34). The results of the examination suggest that there are no differences related to the gender of the examinees with various intracranial haemorrhage degrees. The medium value of Apgar score at birth of premature newborns with various haemorrhage degrees is presented on Table 4 . The level of F-test is statistically sign ificant at the level p<0.01, and it makes F=10.74 (df=118; p=0.00). The average Agpar scores at birth are higher in the examinees from the first and the second groups of damages, and they continue to decrease with the increase of the level of damage. The medium value of Apgar score in the fifth minute of premature newborns with various haemorrhage degrees is presented on Table 5 . The level of F-test is statistically significant at the level p<0.01, and it makes F=8.90 (df=118; p=0.00).
The average gestation age of prematurely born infants with 1st degree haemorrhage was 33 weeks and 4 days, in the examinees with the most severe, 4th degree haemorrhage, was 29 weeks and 5 days. The medium values of gestation age of premature newborns for all the examined groups are presented on Tables 6 and 7 . The level of F-test is statistically significant at the level p<0.01, and it makes F=9.48 (df=119; p=0.00). The values of average gestation age decrease with the increase of a more expressed degree of intracranial haemorrhage.
Prematurely born infants with various haemorrhage degrees were monitored related to neurosensory outcome until the age of 3. Strabismus was present only in one premature infant (3.33%) with 1 st degree haemorrhage and in 10 children (33.33%) with the 4 th , the most severe degree of intracranial haemorrhage. The frequency of strabismus in prematurely born infants with various haemorrhage levels is presented on Table 8 .
The value of chi-squared test is statistically significant at the level p<0.01 and it makes χ 2 =12.69 (df=3; p=0.00). The results of the examination suggest that there are differences related to the presence of strabismus among groups of examinees with various haemorrhage degrees. The frequency of strabismus increases with the increase of haemor rhage degree.
The frequency of amblyopia in prematurely born infants with various haemorrhage degrees is presented on Table  9 . In premature infants with 1 st , 2 nd and 3 rd haemorrhage degree, amblyopia was not recorded. It occurred in 3 premature babies (10%) with the 4 th , the most severe haemorrhage degree.
The value of chi-squared test is statistically significant at the level p<0.05 and it makes χ 2 =9.23 (df=3; p=0.03). The results of the examination suggest that there are differences related to the presence of amblyopia among groups of the examinees with various haemorrhage degrees. As it can be seen in Table 9 , amblyopia occurs among the examinees with 4 th degree haemorrhage. However, these results should be interpreted with great care since amblyopia has been registered only in 3 examinees.
Prematurely born infants with various haemorrhage degrees were monitored in the direction of neurosensory outcome. After they had been discharged, they were referred to screening of hearing by transitory otoacoustic emission (TEOAE). The findings of the emission for the right ear in premature infants with various haemorrhage degrees are presented on Table 10 . The value of chi-squared test is statistically significant at the level p<0.01 and it makes χ 2 =23.08 (df=3; p=0.00). The results of the examination suggest that there are differences related to the TEOAE finding of the right ear among the groups of the examinees with various levels of damage. As it can be seen on the Graph, among the examinees from the first, second and third group of damage, the TEOAE finding of the right ear is usual, while in 7 examinees, from the fourth group of damage, the TEOAE finding of the right ear is not usual.
The transitory otoacoustic finding of the left ear in premature infants with various haemorrhage degrees is presented on Table 11 .
The value of chi-squared test is statistically significant at the level p<0.01 and it makes χ 2 =18.90 (df=3; p=0.00). The results of the examination suggest that there are differences related to the TEOAE finding of the left ear among the groups of the examinees with various levels of damage. The TEOAE finding of the left ear, among the examinees from the first and second group of damage is usual, while the finding is not usual in 1 examinee from the third and in 7 examinees from the fourth group of damage.
DISCUSSION
The incidence of long-term neurological sequels depends on the weight of germinative matrix-intraventricular haemorrhage. Mild GMH-IVH (1 st degree) has the incidence of neurological sequels about 5% related to 15% in the 2 nd degree, 35% in the 3 rd degree and 90% in severe cases with periventricular infarctions (4 th degree) [10] . Neurosensory follow-up of prematurely born infants with intracranial haemorrhage is a part of all follow-up studies of high-risk children. The possible sequels which occurred from intracranial haemorrhage may vary from mild to very severe with the loss of hearing and vision. The risk of visual disability of very low body weight (VLBW) children is reversely proportional with gestation age. Vohr and associates found visual damages in 9% of new-borns with extremely low body mass at birth that were monitored until the age of 18 months. They found unilateral blindness in 1% and bilateral blindness in 2% of these children [11] . The results of this study found amblyopia in 3 children with the most severe form of haemorrhage, which was 10% within the group of 4 th degree haemorrhage, or 2.5% of all children in the study. High association of periventricular leucomalacia and the presence of bilateral porencephalic cysts in the group of children of the 4 th haemorrhage degree may explain this frequency.
Amblyopia, as a sequel of intracranial haemorrh age, was not noted in children with the 1 st , 2 nd and 3 rd haemorrhage level. The results of the examination suggest that there are differences as far as the presence of strabismus is concerned among the groups of the examinees with various haemorrhage degrees. The frequency of the occurrence of strabismus grows with the growth of the haemorrhage degree. Based on ultrasonic finding in neonatal period, it was found that the children diagnosed with a more severe haemorrhage level had significantly more pathological visual functions and lower scores on visual motor tests than children without this morbidity [12] . In relation to visual and hearing impairment and retinopathy of premature baby, it is important to know that the same aetiological factors which lead to visual and hearing impairment and retiopathy lead to intracranial haemorrhage. The visual and hearing impairment of premature infants could be due to cortical visual and auditory impairment, structural damage or impairment of optical radiation and it could be found to be more frequent in prematurely born infants with severe grades of intracranial haemorrhage. The visual damage level is in correlation with the level of neurodevelopmental damage.
Premature new-borns with very low body mass at birth (lower than 1500 g) and/or very prematurely born infants are at risk for the development of strabismus. In the study that examined strabismus at the age of 5 in prematurely born children, strabismus was found in 14.4% [13] . Three percent of these children were not referred to, or treated by ophthalmologist. Only 2% of children at risk were treated for strabismus before the end of their first year of life. According to longitudinal studies, the frequency of strabismus looks constant and stable in the first 2.5 years and ranges from 14% to 18%. Only small percentage of children that were diagnosed for strabismus with 6 weeks of life were still having it at the age of 2.5 years. Screening programmes for children at risk have to focus on diagnosing strabismus with 9 months of corrected age. Due to the known fact that strabismus may also occur after this age, it is important to repeat the examinations of visual functions after this age in children at risk.
The incidence of the loss of hearing is more frequent in children who were at neonatal intensive units compared with the general population of healthy infants. All children hospitalized in intensive care units must undergo evaluation of hearing before or immediately after discharge from hospital. Parents must be informed whether the children passed the test of hearing. If not, they must be referred to the audiologist. Vohr and associates found hearing damage in 11% of VLBW infants at birth who were monitored until the age of 18 months. The percentage of children who required hearing aids was significantly lower, that is 3% [11] . The incidence of significant hearing impairment was higher (4% hearing aid were provided) in the study of highrisk follow-up group in Hong-Kong [14] . The findings of neurosensory examinations in this study indicate that transitory otoacoustic emission was not registered in 7 children from the 4 th haemorrhage group, which is 23.3% within the observed group of children, or 5.83% of all observed children in the study. Transitory otoacoustic emission was not registered only in 1 child with the 3 rd haemorrhage degree, or 10% of children with the same haemorrhage degree, where dilatation of the chamber system is present.
In literature, there is an agreement that the risk of cerebral paralysis and large neurosensory and/or neurological disabilities are reversely proportional with the level of immaturity, no matter whether it is measured as per gestation age or body weight at birth [15, 16] . In addition, neu-rologic and neurosensory impairments are more frequent in premature infants with GMH-IVH grades III and IV than GMH-IVH grades I and II. In multivariate analyses, GMH-IVH grades III and IV were an independent risk factor for adverse outcomes [17] . Professor Cooke from the neonatal ward of the hospital in Liverpool found that children born before due term and without large neurodevelopmental sequels had the increased prevalence of ophthalmological damages. The damages are diagnosed at the beginning of school age, which is rather late. They are associated with visual perception, motor and cognitive defects [18] . The cause may also be generalized abnormality of cortical development rather than perinatally acquired focal lesions of the brain.
The eye achieves its largest part of development in the first three years of life. The peripheral retina is relatively well developed at birth. The macular region continues its development until the age of 4 [19] . The maturation of vision and posterior visual pattern is continuing to develop several years after birth [20] . The visual sharpness reaches adult level with the age of 4-5 [21] . While the eye is growing, the refractory status of the eye is changing. During the neonatal and early infant period, transitory refractory deviations occur. Most infants are mildly hypermetropic though premature infants are transitory myopic. The development of visual functions have to be evaluated in time with prematurely born children, because the application of rehabilitation programme in due time may reduce the consequences of visual handicap. Prematurely born children must undergo testing, that is examination of the eye at the age of two and a half years in order to prevent the development of visual disease [20] .
Hearing is essential for the development of speech, therefore early diagnoses of its damage are essential. It must be known that out of 100 newborns hospitalized in the intensive care units, 2-4 newborns have hearing damage [22] . Before the screening period of hearing of newborns, there was a several-year delay in the recognition of the loss of hearing, when the side-effects on the speech and language development became obvious. In case the congenital perinatal loss of hearing is diagnosed before the 3 rd month, and treatment of amplification and communication therapy begins before the 6 th month, the chances for the development of speech and language are better. In children with normal hearing, the essential component -speechis formed at the age of 3-4 years. Concerning the far-reaching consequences of delayed diagnosed loss of hearing in newborns, the American Pediatric Academy gave recommendation as early as 1999 for system screening of hearing for all newborn children. The expenses of accommodation of handicapped children, application of therapeutic and rehabilitation measures are high both for their families and the society. All efforts should be invested in the prevention of premature births, by which the percentage of children with intracranial haemorrhage and percentage of children with possible handicaps may be reduced.
CONCLUSION
Related to the existence of strabismus among groups of the examinees with various levels of damage, there are statistically significant differences at the level p<0.01. The frequency of strabismus is growing with the increase of the degree of intracranial haemorrhage.
There are differences related to the presence of amblyopia among the groups of the examinees with various levels of damage.
There are statistically significant differences at the level p<0.01 related to the finding of transitory otoacoustic emission (TEOAE) of the left and the right ear among the groups of the examinees with various haemorrhage degrees.
Prematurely born children with a higher degree of intracranial haemorrhage have a greater risk for the loss of hearing and development of visual handicap.
NOTE
The study is a part of the author's doctoral thesis titled "Intracranial Haemorrhage and Neuropsychological Outcome of Premature Infants", which was defended at the Faculty of Medicine, University of Novi Sad, in 2010.
